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| Abstract 


A vapor deposition apparatus and method in which pulse waveform light is applied to a sample sealed in a j 
reaction chamber. The sample is exposed to gaseous material while the pulse waveform light is applied 
creating one or plural atomic layers. Alternate layers of plural substances or alternate multiple layers of 
plural substances can be formed by alternating the introduction of gaseous materials with the application of 
pulse waveform light. 
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Description 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a vapor deposition method for producing a film in the form of an atomic 
layer or in the form of plural atomic layers on a sample, for example a monocrystal silicon wafer in a 
reaction chamber by supplying gaseous material to be deposited on the sample and an apparatus therefor. 



2. Description of the Prior Art 
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There is a conventional vapor depositing method in which gaseous material flows from a gas source into a 
reaction chamber, while a sample in the reaction chamber is heated by a high frequency heater, thereby a 
CVD film is deposited on the sample. In such a method, since adsorption and reaction take place 
continuously on the surface of the sample, it is very difficult to produce a film in the form of an atomic layer 
or in the form of plural atomic layer$. 

Heretofore, in vapor deposition of a film in the form of an atomic layer or in the form of plural atomic layers, 
a compound semiconductor was used as the objective material. For example producing of a GaAs layer in 
the form of an atomic layer or the form of plural atomic layers is carried out by utilizing the characteristic of 
As that As is not deposited on As. 

Further there is a method in which gaseous material is adsorbed by a sample, and thereafter gaseous 
material in a vapor phase is exhausted, and then the adsorbed substance is decomposed and reacted by 
the application of light to the sample, and series of the above-mentioned processes are repeated. 

However, in the former method, deposition of an elemental semiconductor such as Si and Ge is 
impossible. On the other hand, in the latter method, producing of a film in the form of an atomic layer or in 
the form of plural atomic layers is possible when using organic or halogen gas as the gaseous material. 
However, in the latter method, when hydride is used as a gaseous material, there is the problem that when 
exhaust gas material in a vapor phase is exhausted, the adsorbed substance is away from the surface of 
the sample. 

i 

BRIEF SUMMARY OF THE INVENTION 



It is one object of the present invention to provide a vapor depositing method for producing a film in the 
form of an atomic layer or in the form pf plural atomic layers in which in the surface of a layer of gaseous 
material, the adsorption of gaseous ma/erial and the decomposition and reaction of adsorbed substance 
separately occur, and it is possible to instantaneously decompose and re&ct the adsorbed substance by 
light after the adsorption of gaseous material on the surface of the sample. 

It is another object of the present invention to provide an apparatus for the above-mentioned vapor 
deposition method for producing a film in the form of an atomic layer. 

The first object is achieved by a vapor depositing method comprising placing a sample in a reaction 
chamber, and exposing the sample to gaseous materials introduced into the reaction chamber from a gas 
source while applying light of a pulse waveform from an source of light of the pulse waveform to the 
sample, by which a film in the form of of an atomic layer or in the form of plural atomic layers is produced 
with every application of light of the pulse waveform to the sample. In the present invention, the 
phenomenon utilized is that time is required for completing the neat adsorption of gaseous material on the 
sample after the first adsortion of gaseous material on the sample and the decomposition and reaction of 
the adsorbed substance. 

Further the second object of the present invention is achieved by an apparatus comprising a reaction 
chamber receiving a sample, a gas source from which gaseous material is sent into the reaction chamber, 
and a source of light of a pulse waveform from which light is applied to the surface of the sample in the 
reaction chamber through a transparent window of the reaction chamber. 

According to the present invention, producing of a film in the form of an atomic layer or in the form of plural 
atomic layers by applying light to the sample in the rection chamber from a source of the light of pulse 
waveform while introducing gaseous material from a gas source into the reaction chamber and exposing 
the sample in the reaction chamber to the gaseous material: after adsorption of the gaseous material on 
the surface of the sample, the adsorbed substance can be instantaneously decomposed and reacted by 
light of the pulse waveform so that a film in the form of an atomic layer or in the form of plural atomic layers 
is produced on the sample. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Irj the drawings, 

Fig. 1 is a schematic representation of an example of an apparatus according to the present invention, 
Fig. 2 graphically shows an example procedure for depositing germanium on a wafer, when the light from a 
xenon lamp is repeatedly applied to the surface of the wafer, 

Fig. 3 is a graphical representation of variation of thickness ( ANGSTROM ) of deposited germanium on a 
monocrystal silicon wafer per pulse relative to wafer temperature ( DEG C) , wherein the dependence of 
the thickness of deposited germanium on the wafer per one pulse on the wafer temperature is represented, 
when light from a xenon flash lamp is repeatedly applied to the surface of the wafer, 
Fig. 4 is a graphical representation of variation of thickness ( ANGSTROM ) of deposited germanium on a 
monocrystal silicon wafer per pulse relative to partial pressure (Pa) of germanic gas inside the reaction 
chamber, wherein the dependency of the thickness of deposited germanium on the wafer per pulse on the 
partial pressure (Pa) of germanic gas inside the reaction chamber is represented, when light from a xenon 
flash lamp is repeatedly applied to the surface of the wafer, 

Fig. 5 is a graphical representation of variation of thickness ( ANGSTROM ) of deposited germainium on a 
monocrystal silicon wafer per pulse relative to the pulse interval (sec), wherein the dependency of the 
thickness of deposited germanium on the wafer per pulse on the pulse interval is represented, when light 
from a xenon flash lamp is repeatedly applied to the surface of the wafer, 

Fig. 6 is a grahical representation of variation of thickness df deposited germanium on a monocrystal 
silicon wafer per pulse ( ANGSTROM ) with a lattice type wafer, wherein the dependency of the thickness 
of deposited geremanium on the wafer per pulse on the lattice type wafer is represented, when light from a 
xenon flash lamp is repeatedly applied to the surface of monocrystal silicon wafer, 
Fig. 7 graphically shows an example procedure for forming a multiatomic layered film including an 
alternately superimposed layer of substance B on a layer of substance B on a wafer comprising the 
alternate introduction of gaseous materials A and B into the reaction chamber and the application of light 
fron a xenon flash lamp to the wafer once per introduction of respective gaseous materials A and B into the 
reaction chamber by which a multiatomip layered film including alternately superimposed layer of 
substance B on layer of substance B is formed, 

Fig. 8 is a sectional view of the multiatomiclayered film formed on a wafer according to the procedure 
graphically shown in Fig. 7, , 

Fig. 9 graphically shows an example procedure for forming a film including three alternately superimposed 
layers of substance B on three layers of substance B on a wafer comprising alternate introduction of ' 
gaseous materials A and B into the reaction chamber and the application of the light of xenon flash lamp to 
the wafer three times per introduction term of respective gaseous materials A and B into the reaction 
chamber by which a multiatomic layered film including alternately superimposed layers of substance B on 
layers of substance B is formed, 

Fig. 10 is a sectional view of the multiatomic layered film formed on a wafer according the procedure 
shown in Fig. 9, 

Fig. 1 1 graphically shows an example procedure for forming a film including three alternately superimposed 
layers of substance B on three layers of substance B on a wafer comprising alternate introduction of 
gaseous materials A and B into the reaction chamber, the application of light from a xenon flash lamp to 
the wafer three times per introduction term of respective gaseous materials A and B into the reaction 
chamber, and changing wafer temperature in association with the introduction terms of respective gaseous 
material A and B by which a multiatomic layered film including alternately superimposed layers of 
substance B on layers of substance B is formed, 

Fig. 12 is a sectional view of the multiatomiclayered film formed on a wafer according the procedure shown 
in Fig. 11, 

Fig. 13 graphically shows an example procedure for forming a film including three alternately superimposed 
layers of substance B on three layers of substance B on a wafer comprising forming a layer of substance A 
according to conventional vapor deposition without applying light from a pulse waveform to the wafer and 
forming plural layers of substance B on the layer of substance A while applying light from a pulse waveform 
to the wafer according to the present invention, and 

Fig. 14 is a sectional vjew of the multiatomic layered film formed on a wafer according the procedure 
shown in Fig. 13. 



DETAILED DESCRIPTION 



Referring to Fig. 1, an apparatus according to the present invention comprises reaction chamber 1, reserve 
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chamber 3 communicating with reaction chamber 1 through door 2 of reaction chamber 1 . reaction 
chamber evacuating device 4, reserve chamber evacuating device 5, gas source 6 for supplying gaseous 
material to reaction chamber 1 and to reserve chamber 3, and a flash lamp 9 for applying light from flash 
lamp 9 to the surface of sample 7 in reaction chamber 1 through transparent window 8. 

The apparatus according to the present invention further comprises sample stand 10, working coil chamber 
1 1 for supplementary heating of sample 7, said working coil chamber 1 1 being provided underneath 
sample stand 10. High frequency oscillator 13 supplys high frequency to working coil 12 provided in 
working coil chamber 1 1 . Sample conveyor 15 conveys sample 7 to reaction chamber 1 , said sample . 
conveyor 15 being provided in reserve chamber 3. Sample 7 is carried through door 16 into reserve 
chamber 3, and control unit 18 controls the application of light from the flash lamp to sample 7 in 
association with the introduction of gaseous material into reaction chamber 1. Reaction chamber 1 is 
provided with a pressure meter 17. 

In the following a method for producing a film in the form.of an atomic layer or in the form of plural atomic 
layers by using the above-mentioned apparatus according to the present invention is explained. The 
formation of a film is carried out by the following procedure: (1) reaction chamber 1 and working coil 
chamber 1 1 are evacuated by reaction chamber evacuating device 4 and working coil evacuating device 
14, respectively, (2) thereafter carrier gas such as hydrogen is supplied to reaction chamber 1 which has 
been evacuated from gas source 6, (3) reserve chamber 3 is filled with inert gas such as nitrogen to 
atmospheric pressure, then the door 16 of reserve chamber 3 is opened, and after the sample is placed on 
sample conveyer 15 in reserve chamber 3, door 16 is shut, (4) reserve chamber 3 is evacuated by reserve 
chamber evacuating device 5 to a reduced pressure, while the same gas as the gas supplied to reaction 
chamber 1 is supplied to reserve chamber 3, (5) the door 2 of reaction chamber 1 is opened, and sample 7 
is carried from reserve chamber 3 into reaction chamber 1 by sample conveyor 15, placed on sample stand 
10, sample conveyor 15 is returned to reserve chamber 3, and door 2 is shut, (6) high frequency is applied 
to working coil 12 from high frequency oscillator 13, thereby sample stand 10 is heated, heating sample 7, 
wherein heating of sample 7 is carried out with a view to promoting decomposition and reaction of gaseous 
material under application of light from a flash lamp, or with a view to separating an unnecessary adsorbed 
substance on the surface of sample 7, and with a view to forming a film by a conventional chemical vapor 
depositing method, (7) thereafter gaseous material is supplied frome gas source 6 to reaction chamber 1 , 
and (8) after the time required for adsorbing gaseous materials on the surface of sample 7, light from a 
flash lamp is applied from flash lamp 9 to the surface of sample 7 through transparent window 8. 

In the method according to the present invention, the application of light from flash lamp 9 to the sample is 
controlled in association with the flow of gaseous material into reaction chamber 1 by control unit 18, and 
plural kinds of gaseous materials can flow into reaction chamber 1 at the same time or alternately. Further, 
after applying light from flash lamp 9 to sample 7 while one gaseous material flows into reaction chamber ' 
1 , another gaseous material flows into reaction chamber 1 , and then by heating sample 7, different 
substances can be deposited on sample 7. 

Fig. 2 is a graphical representation of a time schedule for the application of pulse waveform light to a 
monocrystal silicon wafer and the introduction of germanic gas into the reaction chamber, together with the 
output of the pulse waveform light, flow of germanic gas, flow of carrier gas, and change of wafer 
temperature with time, wherein there is represented an example of a procedure for depositing germanium 
on a wafer, when the light from a xenon lamp is repeatedly applied to the surface of the wafer. 

Referring to Fig.2, one example procedure when forming germanium for example on a monocrystal silicon 
wafer is explained. Hydrogen gas 200cc/min flows into reaction chamber 1. When the pressure inside 
reaction chamber 1 reaches 270 Pa, the monocrystal silicon wafer(sample 7) is placed on sample stand 
10, heated to a wafer temperature TG between 230 DEG C and 290 DEG C at time t , further heated to 
temperature TD of more than 400 DEG C so that unnecessary material adsorbed on the surface of wafer is 
removed, and thereafter cooled to a wafer temperature TG. 

Then, germanic gas (GeH4) is introduced into reaction chamber 1 at time t so that the partial pressure 
reaches 1-20 Pa, and after the lapse of timer tau ' G required for the germanic gas to be adsorbed on the 
sample 7 in which tau G designates the repeated pulse interval of the light of pulse waveform, light from a 
xenon flash lamp with 20J/cm is repeatedly applied to the surface of monocrystal silicon wafer at time t1. 

According to the above-mentioned method, the thickness of germanium film deposited on sample 7 per 
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pulse is investigated. When the total pressure of GeH4-H2 gas mixture is 280 Pa, the partial pressure of 
germanic gas (GeH4) is 13 Pa, and the pulse interval tau G is 20 seconds, the deposition of one atomic 
layer of germanium per pulse is recognized on Si of lattice type (1 0 0) and Si of lattice type (111), 
respectively, at a temperature between 260 DEG C and 275 DEG C without depending upon temperature 
as shown in Fig. 3, in which / &cir& designates the thickness of germanium deposited on Si of the lattice 
type (111) per pulse, &cirf& designates the thickness of germanium deposited on Si of the lattice type (1 0 
0), and a broken line "a" designates the thickness of one atomic layer of Ge of lattice type (111) with a . 
wafer temprature, and broken line "b" designates the change of the thickness of one atomic layer of Ge of 
the lattice type (1 0 0). The same applies to Figs. 4-5. 

When the total pressure of GeH4-H2 gas mixture is 280 Pa, and the wafer temperature is 268 DEG C, it is 
recognized that at a partial germanic gas pressure of more than 13 Pa, germanium of one atomic layer per 
pulse is deposited as shown in Fig. 4. 

When the total pressure of GeH4-H2 gas mixture is 280 Pa, and the wafer temperature is 268 DEG C, it is 
recognized also that at a partial germanic gas pressure of 4.5 Pa, germanium of one atomic layer per pulse 
is deposited when pulse interval is long as shown in Fig. 5. 

However at a temperature between 230 DEG C and 290 DEG C, when light from flash lamp 9 is applied to 
sample 7, deposition of germanium is recognized. When the lattice type of wafer is changed, deposition of 
one atomic layer per pulse of germanium corresponding to the respective lattice type is recognized. 

As above-mentioned, it is apparent that the application of pulse waveform light to sample 7 while exposing 
sample 7 to gaseous material makes it possible to form a of one atomic layer of germanium per pulse. 
Further, it is well known that formation of one atomic layer of mixed crystal is possible by a flow of material 
gas mixture including material gases of more than two kinds at the same time into reaction chamber 1. • 

Fig. 7 is a graphical representation of a time schedule for the application of pulse waveform light to a 
monocrystal silicon wafer, the introduction of gaseous material A into the reaction chamber, apd the 
introduction of gaseous material B into the reaction chamber, together with an output of pulse waveform 
light, flow of gaseous material A, flow of gaseous material B, and change of the wafer temperature with 
time.The graph illustrates an example procedure for forming a multiatomic layered film including alternately 
superimposing a layer of substance B on a layer of substance B on the wafer comprising the alternate 
introduction of gaseous materials A and B into the reaction chamber and the application of light from a 
xenon flash lamp to the wafer once per introduction of respective gaseous materials A and B into the 
reaction chamber by which a multiatomic layered film including alternately superimposed layer of 
substance B on layer of substance B is formed. 

According to the procedure shown in Fig. 7, the formation of a multilayered film in which one atomic layer 
of one substance A is arranged alternately with one atomic layer of another substance B on wafer C as 
shown in Fig. 8 is possible by controlling the application of light from flash lamp 9 to the sample 7 in 
association with the introduction of gaseous material into the reaction chamber 1 , and by interchanging 
alternately one gaseous material A with another gaseous material B as shown in Fig. 7, in which 
designations tau A and tau B designate the pulse intervals when substances A and B are deposited on 
sample 7, respectively, and tau ' A and tau ' B designate the times required for material gases of 
substances A and B to be adsorbed into the surface of sample 7 and C designates the wafer. 

Fig. 9 is a graphical representation of a time schedule for the application of pulse waveform light to a 
monocrystal silicon wafer, the introduction of gaseous material A into the reaction chamber, and the 
introduction of gaseous material B into the reaction chamber, together with output of pulse waveform light, 
flow of gaseous material A, flow of gaseous material B, and change of the wafer temperature with time.The 
graph illustrates an example procedure for forming a film including three alternately superimposed layers of 
substance B on three layers of substance B on the wafer comprising the alternate introduction of gaseous 
materials A and B into the reaction chamber and the application of light from a xenon flash lamp to the 
wafer three times per introduction term of respective gaseous materials A and B into the reaction chamber 
by which a multiatomic layered film including alternately superimposed layers of substance B on layers of 
substance B is formed. 

According to the procedure shown in Fig. 9, the formation of a multilayerd film in which plural atomic layers 
of one substance A are arranged alternately with plural layers of another substance B at an interval of 
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some number of layers is possible by controlling the application of light from flash lamp 9 to sample 7, and 
by interchanging one gaseous material A with another gaseous material B each time as shown in Fig. 10. 

Fig. 1 1 is a graphical representation of a time schedule for the application of pulse waveform light to a 
monocrystal silicon wafer, the introduction of gaseous material A into the reaction chamber; and the 
introduction of gaseous material B into the reaction chamber, together with output of the light of pulse 
waveform, flow of gaseous material A, flow of gaseous material B, and change of the wafer temperature 
with time.The graph illustrates an example procedure for forming a film including three alternately 
superimposed layers of substance B on three layers of substance B on the wafer comprising the alternate 
introduction of gaseous materials A and B into the reaction chamber, the application of light from a xenon 
flash lamp to the wafer three times per introduction term of respective gaseous materials A and B into the 
reaction chamber, and changing the wafer temperature in association with the introduction terms of 
respective gaseous material A and B by which a multiatomic layered film including alternately 
superimposed layers of substance B on layers of substance B is formed. 

According to the procedure shown in Fig. 1 1 , formation of a multilayered film in which plural atomic layers 
of one substance A are arranged alternately with plural atomic layers of another substance B at an interval 
of some number of layers is possible by controlling the wafer temperature in association with the 
introduction of gaseous material into reaction chamber 1 to be entirely adsorbed on the whole surface of 
sample 7. 

In the present invention, it is preferable that the pulse interval is more than the time required for gaseous 
material to be entirely adsorbed into the whole surface of sampl^ 7. Further, it is preferable that the 
application of pulse waveform light to sample 7, after the interchange of one gaseous material A with 
another gaseous material is carried out after the lapse of the time required for another gaseous material B 
to be entirely adsorbed into the whole surface of the sample. 

The above-mentioned examples are examples in which a multilayered structure comprised of different 
material layers is formed in the same reaction chamber. However, the multilayered structure can be formed 
by using some number of reaction chambers communicating with each other properly corresponding to 
substances to deposited. 

■ • i 

Fig. 13' is a graphical representation of a time schedule for the application of pulse waveform light to a 
monocrystal silicon wafer, the introduction of gaseous material A into the reaction chamber, and the 
introduction of gaseous material B into the reaction chamber, together with an output of pulse waveform 
light, flow of gaseous material A, flow of gaseous material B, and change of the wafer temperature with 
time. The graph illustratesd an example procedure for forming a film including three alternately 
superimposed layers of substance B on three layers of substance B on the wafer comprising forming a 
layer of substance A according to a conventional vapor deposition method without applying pulse 
waveform light to the wafer and forming plural layers of substance B on the layer of substance A by 
applying pulse waveform light to the wafer according to the present invention. 

According to the procedure in Fig. 13, a multilayered structure can be formed as shown Fig. 14 in which A 
designates a film formed by conventional chemical vapor deposition and B designates a film formed by 
applying light from flash lamp 9 to sample 7 according to the present invention and C designates a wafer. 
This procedure combines the formation of film by a conventional vapor deposition with the above- 
mentioned method. . 

Further in the procedure shown in Fig. 13, it is apparent that it is possible to combine the device for forming 
a film without using a flash lamp with the reaction chamber using the flash lamp. 
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Claims 



1. A vapor depositing method comprising placing a sample in a reaction chamber, and exposing the 
sample to gaseous material introduced into the reaction chamber from a gas source, applying pulse 
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waveform light to the sample from a source of pulse waveform light, whereby a film formed of an atomic 
l^yer or of plural atomic layers is produced with every application of pulse waveform light to the sample. 

2. A vapor depositing method as claimed in claim 1 wherein the application of pulse waveform light to the 
sample is controlled in association with the introduction of gaseous material into the reaction chamber and 
a plurality of gaseous materials are interchanged at the same time or alternately in the reaction chamber 
whereby a film comprised of mixed crystals or different materials forms an atomic layer or plural atomic 
layers. 

3. A vapor depositing method as claimed in claim 2 wherein a pulse waveform light is applied one or more 
times while introducing gaseous materials into the reaction chamber. 

4. A vapor depositing method as claimed in claim 1 further comprising the steps of separating the adsorbed 
substance from the surface of the sample by heating the sample before applying pulse waveform light, 
lowering the temperature of the sample to a temperature lower than a separation temperature of the 
adsorbed substance from the sample, and exposing the sample to gaseous material introduced into the 
reaction chamber. 

5. A vapor depositing method as claimed in claim 1 further Comprising the steps of heating the sample at a 
constant temperature before or after forming a film by application of pulse waveform light or during 
application of pulse waveform light to the sample whereby gaseous material reacts chemically to form the 
film. 1 

6. A vapor depositing method as claimed in claim 1 wherein said pulse waveform light is light from a flash 
lamp. 

7. A vapor depositing apparatus comprising a reaction chamber in which a sample is put, a gas source 
from which gaseous material is introduced into the reaction chamber, and a source of pulse waveform light 
from which pulse waveform light is applied to the surface of the sample through a transparent window of 
the reaction chamber. , 

8. A vapor depositing apparatus as claimed in claim 7 further comprising a control system for controlling the 
application of pulse waveform light to the sample from the source of pulse waveform light in association 
with the introduction of gaseous material into the reaction chamber. 

9. A vapor depositing apparatus as claimed in claim 7 further comprising, a heater for heating the sample. 

10. A vapor depositing apparatus as claimed in claim 9 wherein the heater is a high frequency heater. 

1 1 . A vapor depositing apparatus as claimed in any of claims 7 wherein the source of pulse waveform light 
is from a flash lamp. 

12. A vapor depositing method as claimed in claim 2 further comprising the steps of separating the 
adsorbed substance from the surface of the sample by heating the sample before applying pulse waveform 
light, lowering the temperature of the sample to a temperature lower than a separation temperature of the 
adsorbed substance from the sample, and exposing the sample to gaseous material introduced into the 
reaction chamber. 

13. A vapor depositing apparatus as claimed in claim 8 further comprising a heater for heating the sample. 

14. A vapor depositing apparatus as claimed in any of claims 8 wherein the source of pulse waveform light 
is from a flash lamp. 

15. A vapor depositing apparatus as claimed in any of claims 9 wherein the source of pulse waveform light 
is from a flash lamp. 

16. A vapor depositing apparatus as claimed in any of claims 10 wherein the source of pulse waveform light 
is from a flash lamp. 

17. A vapor deposition method comprising; placing a sample in a reaction chamber; supplying at least one 
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gaseous material to said reaction chamber; exposing said sample to said gaseous material; applying pulse . 
waveform light to said sample for a predetermined period of time; whereby an atomic layer of said at least 
one gaseous material is produced with each application of pulse waveform light. 

18. The vapor deposition method according to claim 17 including; controlling the application of pulse 
waveform light to coincide with the introductions of said at least one gaseous material; whereby single or 
multiple atomic layers of said at least one gaseous material are produced with each application of pulse 
waveform light. 

♦ 

19. The vapor deposition method according to claim 18 wherein said at least one gaseous material is a 
plurality of different gaseous materials selectively interchanged; whereby a plurality of atomic layers is 
selectively alternately produced with each application of pulse waveform light. 

20. The vapor deposition method according to claim 19 wherein said pulse waveform light is selectively 
applied a plurality of times during the introduction of a selected at least one gaseous material. 

21. The vapor deposition method according to claim 18 including; heating the sample to separate the 
absorbed substance from the surface of the sample; lowering the temperature of the sample below the 
separation temperature of the absorbed substance; and exposing the sample to gaseous material 
introduced into said reaction chamber. 

22The vapor deposition method according to claim 18 including; heating said sample to a constant 
temperature for a preselected time whereby gaseous material reacts chemically to form a film. 

23. A vapor deposition apparatus comprising; a reaction chamber; said reaction chamber having a window; 
a source for supplying at least one gaseous material to said reaction chamber; pulse waveform light source 
means for applying pulse waveform light to a sample placed in said chamber; said pulse waveform light " 
being applied through said window. 

24. The vapor deposition apparatus according to claim 23 including; control means for selectively 
controlling the application of pulse waveform light to said sample according to the introduction of said, at 
least one gaseous material into said reaction chamber. 

25. The vapor deposition apparatus according to claim 24 including heating means for heating said sample. 

26. The vapor deposition apparatus according to claim 25 in which said heating means comprises a high 
frequency oscillator heater. 

27. The vapor deposition apparatus according to claim 24 in which said pulse waveform light source is a 
flash lamp. 

28. The vapor deposition method according to claim 18 in which said pulse waveform light source is a flash 
lamp. 
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Mgfi (1 9) tc«tDUnS»-r-5^<!:fc«fcO. K» 

(7) SB©KS&£#flIBl«Slt5I)gi:> *©&& 
ft (7) ffi«£&«iaa?<fcOffi<L£» < Hft#X£i!i 
ALTIift (7) ZmftJJ*\Z15kTxmtZ'$tiZ.£% 20 

t-rzsnm 1 ~ 3 ©a«i&fim 
c»*^5] /vi>zytmmz£.%nmv>M&<»wix\t 

&$.Wt/VVXftm$t<Dm\Z. ttft (7) fc-fcKM* 

u mmx&t^mzfcfc-zitxwmmfczitzx 

• . f 

[»#«6] /^XBi77^a7>^T*5: 
£*ft«if 5»#3t 1 ~ 5 ©SSUBfifcim 

tBf#«7] lift (7) SIBlttfcH&g (1) £ 
©£££ (1) l*jK:Kft#X£i||Af -5#X0«Sili 30 

(6) (1) notm (7) ^BlcS^tt® 

(8) £aLT/t;px^*figw-r^/i^x^fig«>tiig 

(9) £±Dfc£MlBJfciygB. 

[»#3i8] #X#M&i!g (6) fciSS^ (1) ft 
^©Kft#X©£A<fc/WX3fcM«3KiSi (9) lC<k5tS 
ft (7) ^©A;VX3ie©TO£HaWtT®ffllT5«« 
gfi (18) £iim5£££#l8£f-5»*l7©ft*| 

[»*«9] lift (7) £UD^T5JnlS*gB (1 9) 
&^«UT&5»*JS7. 8©StffifiE^li. 40 

Mftgti 0] mm&m (19) ttg«ttfiggT 
<&* ^ t mm t? %m#m 9 o^^mm. 

[»#«1 1] /WXftflgttftli (9) H77yi/a 
7>^®T*SJli:*^fr5W^7~l 0©^ 

[8M©i¥«a&IBI?l§] 

[0 0 0 1] 

[£!§l±©fiJffl#JH *5gW«S^^rt©Kft(CMft^ 

gsttcis-rs. 50 
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2 

[00 02] 

[«*©&*&] a#©StffifiKfi^»ttEl 1 *#JSLTitt 

w-tzt. Rfc&ito\zj3zm%iM6\z£mmzz 
mmmtetfZRfem 1 «©•«« 7 fcusESMge 1 

9fc«fcO»^tTttft7affllCCVDK^fi$-B-S^ 
8TC*D\ C©«fc5^STHt*ft7^HtC®*tSJi5 
^«^WtC*i;> JK^««©#)R^««l»TfflliTS 

[0 0 0 3] ft*. K^ettlCj£fi£-a:S|MBi£6T 

AliCaAs fcfet^T, A s ©±IC«A s a*tt»LfctA 

[0 0 0 4] X, ®ft#X£*Bfc!!fcS3-e\ *0&M 
*B*©IiCft#X£ilHctU »»^t*0*j£TK«fbfc 

[0 0 0 5]' 

if&wtiW&Lzst-rz&m] ua>L£at$, w#© 

^feT«S i e fc£©7cSlS#2£ftT*S!3ftT^& 
K «#©^St?{i, *tK&<&5W;iAny>S©Kft 

tfxt^sisttsss^ «*e+©»ft 

[0 0 0 6] ^WttBfttf^^ftfcili^^gU 
Lfr *>-€-© -KJS«, ^©K^^J-T?) 
*-CC^MSJir2.i:^5^«SipiJffl-r-5t>©'r, lift 

#x (ou.mm^o'm t ti-?©Kt t&iifttfx© 

• Srt5«»«-r5fcJt)l^ itft^BfclitftflXfcK 

♦s-a-m ;wzmz£o. ^.m^mmz^m • k 
is^tscts^u *<DBmm?mmz&f$,t 
zzt\z$>z. 

[0 007] 

&ffi&is±.m<DB#3%Mi$.?z>rztb. m 1 izmt^v \z 
Buam 1 Pi\zmwisntcUM7 £#x«*&iE»6 <t ojsa 

2ftfcIgft#Xl£ll§L*:tfffirT?, AJVX3l£MS*3tM9tr 

± 0 /vizytzmm 1 \zwmt 5 c: <t ^ t 1 (a©is 
wsic 1 is^ix«»is^©»iii*^g^-a-5 ^ t £ 

[0008] x. *%wmmmcwm&ffikvmcB 
M&mm-rzittb* mnz^t^^\zu.n7^mwtK 

fcg. 1 «h. £1 ©KlS^ 1 rtlCBft^X£*Af-5^X« 

n^met. s^aii*j©t*ft7*BirS3ttt^8<&aL 

T/i;i.X7t£Blfr^A^X>tHg|t7tji9 t<fc 0^-5. 
[0 0 0 9] 

6 J; 0 Wft^x S^ALTHit^ 1 rt©Kft 7 £ 
£©B*sWXTl8L;fcttSB-e. A;UX3tfig»^!S9 lc<t 
D/i;VX3t£ttft 7 ICSMtTS r t lC«koT 1 H©fiiW 
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(3) 

3 

SfcilfcCftS. 

[oo i o] n«, u®7im\zwm%xz®.m 

£i*ft&, A)VX%\Z*. 0 iRtSfoZmftlZftB - 

*, m?mmzBmzM!&-?z>±twi!Z>z\£\zte 

[0 0 11] 

mmm la i i susfiaiffiisiis 

#x#J&8ii 6 TkxfBUSm. l (*i©tS*4 7 o*Bca%ttft 
8&aLT77y^a7>7^fc£M3tt-*&«&©77-.y 

[0 0 12] *>Tlte7 tWMPftrsfeftOKff* 

1 0fc«7-*3-f**l 1. *H**7--i'3'f/Wfcl 

i ^©7-^3^ *i 2 t«i&r*fc«e>©K^i&»jgs 

1 3, 7-^3^;^ 1 1 S;i*JE-r-5fc*©7-^3'f 

;>^ffl»mgB 1 4, i \zun i sasa-rsft* a? 
a 7 s^fltg 3 fc«A-r«&»fciHW3 iciattsnfc 

pi 6Rtf«X«ttMI6CJ:*E*ail'i^O]M»^ 
©£A 1 7 ? y v-o. 7 > 7*3fciE 9 li«k Stttt 7 *\© 7 5 

•AfcHjfcift-aT^*. ft*. 1 7(iJE7Jff-T'*5. 

[0 0 13] ±Jfibfc»«tfflV>TBIt»J«-r* 
£)*t;:oV>TIB93T-5. M©J&B£«» ^©i^ft^HT 

tf5. (DRrtj^i fc7-f3-fjMi[i i£-?-tt^n#M 

SB 4, 1 4T»«2**r*. ®&£X3*ft#tt0K 50 
JS£ 1 C tf AftttK 6 J: D #*ft * U 7J& X ft 

[0014] ®^fltt3*tt*ft^o*rx'r*»EWi 

KLPl 6 £MW\ lift 7 ft^HIS 3 ft®tt*Ht&11 1 
5K«*fc«, P16£«S«6-5. 3>£j&ftlAlCttA.* 

ttT^ft^xtRaojtfxfti^faartcaEAs-ftft^ 

[0015] ©P 2 £K§ tt. StW 7 StftHBSItt 1 5 IC 

«t o 3 i n \zmm u m\& 1 o ± 

icsi-fr, aaari 5%?ffim3puzmh, m2*m#) 40 

5. ®7-^3-f;n 2KK««*fi«l 3J:QRItt 
ttttfti o&ftifeu ^©8reK*4 7£Mfr-r 

[00 16]. ft*, z<Dmmityyy'ya.y>^ytom 
[0017] ©-toa. ii!|sf^x^^x«iis&i^6«tos: 

*ai'fc«AS-&S. MtttfXftlKfl 7 Affile 50 
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4 

©3rT-5©t;:i&gftlSrW©«, 7 5<yv-3u9>73t*7 
7 y *a 5 9 «fc 0 jSftttS 8 SaLTl*** 7,g 

[0 0 18] rUT, Kl&Slft^©IiC**#X©8&Ai: 
77«;->a5 >7ft©IW£«l?2£e 1 8 \z i 0 H»# . 
tfT*»u 2««±©M&#xftl^r!cfcL<te:£5 
fc Anm AT t> «t V». *ifc7 5 y 7 >73t£HBtf 
«, 9J©Slsf^XSSSAS-a-» tt»7©JnfStCJ:t5> II 

[0 0 19] £©«fc5fci@-efciAtf¥teli->'j3> 
±{cy;i'V-7A*^-rs«-&©Vji©-«?nr^^T 

0 2 SrfflViTitt^-rS. 1 2 0 0 cc/ 

min ftfftASit, E££l rtE2>2 7 OPatft^T^S 

ICSti*, 0 2©l$fflt. U 3 >9x/N*flfllfc 

(7xAfiftTc ) U 4 0 0 , C£U:©iIgTt l ©7x 
AjUB©*3^£4&£#i^«3ttfc©t>, ■2CDWR 
ts t?2 3 0~2 9 O'CWiiftTc fcTtf*. 

[0020] x\z, mmi% i?y;uv>^x (Ge 

H« ) SrSlSS 1 WT 1 ~ 2 0 Pa©»Efcft*«t 5 \ZM 
AU y^v^^^jWHSilBCWrrftrofcRrsB 
Wt' c &±»it^©«fM 1 4 «tOA;i..Xfi» lmsec 
,' /t;W^3lffi2 0 J /cm 2 ffl+-fey >75y^x9^ 
7*3t*#jSa>''J3>7xA«ffifc4IDaUJiH»Uft 

[0021] ro«t5ft*st?y;i'V3.7A*itas* 

fc^f© l A;i/XSftO©ii«iy;i'Vr:7A©KJP*Si'< 
ft. ^ffi^7 (GeH« +H 2 ) &2 8 0Pa, y;VV>^ 
* (GeH, ) »ffi*»l 3PaT?/^AMR8Tc =20|^ 
W©S-&. 0 3K^-r±5t, 2 6 0~2 7 5"C©*BH 
■P. SSfci&T, ^lACDI^Si (10 0) t 

si (ill) Ji-c-en-fniJi^a/A^x©^;^ 
-7A©*a*ts»6nso 

[0 0 2 2] 03+, OBS i (111) ±TOWVV 
XSftD©*«(y;i'Tr:7A©^$. •ttS i (1 0 
0) ±T©1 A^^ft»3©*«y;Vvr:7A©jif$, 
aQfilttGe (111) ©1IB^©J?$, b©««8 

HGe (io o) (DimTmomz**? (£tT^4~ 
5^1;) . 

[0023] /vvxmm*2 om ^JE* (G e H« 

+ H 2 ) ^2 8 0Pa, 7xAj§liMinSS*i&S2 6 St©* 
^. y;PT>^X^JEE*U 3PaK±T. 04li*-rJ:3 

ic l n^i/A;i/X©y;i/-7-7A©it»*tSii&^n 

[0 0 2 4] (GeH. +H 2 ) #2 8 OPa, 7 

iAiisaiiS)5*2 6 sx:©*^, y;i/T>^X»JE 

&n«, lM^S/A^X©y;UV-7A©itffi*tg«) 
[0 0 2 5] ^:*. 2 3 0~2 9 OrrofflfiTK, 75 
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5 

(GeH< 4-Hs, ) #2 8 0Pa. ^V>^X»JEE*U 
3Pa©#g\ 06tC^T«J:9lC. 

[0 0 2 6] W±^fc<fc5lr> tt&fcKtttfXfcUL 

[0 0 2 7] ZZlZ, EJ&£rt^©IS**#X©$A<!:7 
7 s> ->a. 7 >7%©J&l<f £fW«8g 1 8 fC«fc 0 
TSiffllU ®2a«±(DSipf^X^E7IC^-r<fc5l^ 

5i#0/1JPxmSi, r' » , r' b te*-ni?nA, B 

^rcdk« t & z xt, mm^m \z ®«t •& © t bt & 

[0 0 2 8] ©2a^±©msf^$09[C^T«fc5tC 

[0029] £it<s>Kfomn^e>mftfJx<Dmxty x. 
A©*t»M&ia«t>0i icoo;p(ma#itT«ffliL. 

mm<D®n<o$>z>£mmzMtftt % z. eta 

[0 0 3 0] fcfc, ±|BtC*3^T, vvi^lfllKiBlW 

&&©A^xft©nBtm, An&;t&&©gs©isi|i*# 

[0 0 3 1] *fc±|B*Stt. 
B©£g*iS£JI3ITS0!|-?a&-5at> H«©K*SiS&^ 

[0 0 3 2] £&, /WX3£H«3H« «m>fcV»W© 

^a, hi 3tc^-r«t-5i^ a«©mffl^g* 

ffK. BB777J'a?>^36l:±0»*l,ti«. C 
[0 0 3 3] 013Ttt» ^-©SiS^rtt?0 1 
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fctfT, ftl4fc^£diMfrj|*Mft!iaT*«c& 
[0034] 

«»*fx«»x**#x«iMB*6.i. rattkiftoisff 

zdV&UM 7 fcSMtT* iitlci-aT 1 BoflMrec 1 
[0S©ffi*&Iftlii] 

[an *WM&BixmmQimMnmmiM9i 

0T&£. 

[02] ^iEy>79y^a9>^K«JKMAS'U3> 
7 1 /t&BICtt t) jIL.flg»tfcRf©y^V - a A s*a 

[0 3] ^-k/>7 7-y->a.7>y^*#i|Sfii->'Ja> 
•>xAgB>C»t))iUfiSWL^Wf©. i/i;>xafc>3© 

■ ft#e©jRW0T»Sd 

[E4]'tt;>77r>37 >7ft u 3 ■> 

7x A^0 KJS 0 S tllMt l/'fcl*©, 1 /WX £fc D© 

*s«y;pv-9A©asw©Si&si*i©y;uv>#x^fiE 
tt?¥tt©RM0Tab^. 

[05] +-fey>77i/va.7>7^&¥MS->'J3> 
30 ^xASHKJSOjILWLfclBf©, lA^SfcD© 

*«y;i/v-^A©BSJ?©A;i/XF 0 lHfe#tt©3iigsT 
<&•£><> 

[06] +-fe/>77-y->o.7>7^$#jg^^U3> 
7xA^SSK«i0MtMWL,^©, 1 AMVXMSfc!)© 

itay;wv-^A©pjP©»«ffi^fifeffft©iftKBi-e 

[0 7] EJfc£ft^©Mi|5t#X©$A£77y~>x7> 
^©figW^Hiift^T^WU AMOlW&ft^ 
XtBfeS©S!(Btt^5^x^5fcAn^A> 1JS^ 
47 B2TtiCHa©«lS©i6S#SK^)i«©#IKS«*-r 

*#jb© i wftw-rftWHT?**. 

[0 8] 0 7t^-r^WCl®?l^tlCAtB©!KlK 
© * £ #SK^!K©ai|K*m b fcK^©»fW0T $ 

[09] SfSS^©M^X©#At77y ->a.7> 
7 , *©Mlt*Pa#ftTSiJffllL, AfeKWiimtfc-Sfl 
7. t Bfeg©msft^:^^X>£afeS^m«(CAn«IA> 
»at^l*«v»»ift+]|C^lj:iK:jMio«Ml©*** 

m&&Mf£rz^m<D 1 0n^-riKW0t?*s. 

5<7 [0 1 0 ] 0 9 fc^1"^li-c»JS^S»sntt»:+S^ 
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